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FOrEWORD

This report presents the results of a 16 month program entitled
"Occupant Survivability in Lateral Collisions” performed by Calspan Corporation
for the National Highway Traffic Safety Administration under Contract No.
DOT-HS-4-00922. The program focused on evaluating the extent of occvpant pro-
tection offered by a conventional, full-si-e automobile when involveu 1in
various types of intervehicular lateral collisions, and assessing the feasibiality
of improving such protection by the incorporation of structural, glazing and
interior modifications {(or combinations thereof). A total of seven baseline
and six modified vehicle crash tests were performed, as well is a large number
of developmental tests of various energy-absorbing glazing and padding con-
structions. The report 1s divided into two parts; Volume I 1s the main body
of the technical presentation and Volume II contains supporting test data aud

related information

The Contract Technical Manager was Mr. Richard M. Morgan of the

National Highway Traffic Safety Administration.

The opinions and findings expressed in this report are thouse of the
author and not necessarily those of the National Highway Traffic Safet)

Administration.

This report has been reviewed and 1s approved by:

l Xl

Edwin A. Kidd, Head
Transportation Safety Department
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1, INTRODUCTION

The purpose of this study was ''to investigate the feasibility of
modifications to the vehicle interior and glazing which, when combined with
structural modifications to upgrade compartment integrity, will allow occupants
to survive severe accidents in (lateral collision) modes in a completely

passive manner" (Statement of Work).

Structural modifications for lateral collision protection were
developed 1in previous National Highway Traffic Safety Administration {(NHTSA)
research programs (Refs 1, 2 and 3). The mocifications have clearly demon-
strated improved structural integrity and energy management under severe fixed
object and intervehicular lateral collision modes. Associated development of
protective design features relating to the vehicle interior and glazing has
also been previously undertaken (Refs. 2 and 3), but at a substantialiy lower
level of effort  This program was therefore intended to further investigate
interior and glazing modifications for lateral protection to bring the state-
of-the-art more 1in balance with the extensive structural crashworthiness research

previously performed.

Interior and glazing modifications generally related to (a) providing
crushable or deformable sidewall surfaces designed to l1imit and control
lateral occupant loading and (b) providing side glazing that 1s more effective
in congalnlng occupants within the confines of the vehicle and for absorbing
energy in the event of occupant-to-glazing impact. Due to the passivity
requirement, the effect of active belts in providing lateral 1estraint was not -
investigated. Furthermore, determining the effectiveness of passive restraint
systems such as air bags or passive belts in providing lateral collision pro

tection was beyond the scope of the study.
A major part of the program involved determining the crashworthiness

performance of a conventional late model, full-size automobile under inter-

section-tvpe lateral collision conditions  The impact test conditions were

1 28-5562-V-2



prescribed by NHTSA "on the basis of cccident statistics, to be reprcsercat ve
or types of lateral impact conditions that are resalting 'n serious 1njuries
and rfatalities”  Statrement of Work). These test ¢ .aditions conscitute a me*’ nd
of simulating the general case of lateral collision wherein both vehicles are
initially in forward motion, including both perpendicular and oblique colli<iop

angularities.

A paraliel effort focused on the design and dcvelopmental testing of
glazing ¢f laminated conscruction with peripheral) support structure tnet cc 111
pruv.ade a reascnw~le alternative *c the monolrthic t:mpered glass presently
used for side .lazing .~ v Ttuxlly a.l motor vekicles Development ot
defurmable 1intersor sidewal. sarfaces essencially expanded -ipon results of
previous research programs (Refs Z and 3), in which material <election, _om-

ponent design and impa.t potformance we.e reasonabl well e<tablished

Crash testiig of the vehicles containing structural, glavirg and 1n-
teriur modifications was performed in suct 2 manner that comparison wiith t'e
basel.ins test results provide an assessment cf the effectivencss ct the 1w 41f.el
vehicle performance under the generally ore severc cases of the baseline - st
confrgurations, rurthermore, the test matrix was defined <such chat the
individual and combined effects of the structural and interior moaiticatier

could te ascertained for the case of perpendicular lateral impact

The remainder of this report 1s organized as follows fest m *br ‘
1s desceribed in Sectieon 2, followed by the results of baseline testing dis¢ s !
1n Section 3 Vehicle modifications (structural, interrnr ard glazing) s
described 1n Section 4 Section 5 presents esults ol the mod fied vebiclle
testing A general discussion of resilts 1s contained n Sectin € (or
¢lucions and recomrendations aie given 1n Section 7 Complete oot data

provided 14 tne Appendices (volune 11)



2. TEST METHODOLOGY

This section describes the methodology employed for the lateral impact
testing. Specific test conditions were prescr:.bed by NHTSA. The general testing
and data acquisition methods described in the following represent the current
state-of-the-art and are consistent with previou- lateral impact testing per-
formed by Calspan (e.g., Refs. 2 ard 4). Additional details relating to the

test methodology are described in Ref 5

2.1 Test Configuritions

The geneca) lateral collision configuration i1llustrated in Figure 1
(taken from Statement of Work) 1s intended to simulate a realistic impact con-
dition wherein both cars are in forward motion at impact. In actual crash test-
ing, however, the struck vehicle 1s positioned at 1est prior to impact. The
desired relative 1mpact conditinn 1< achicved by providing an equivalent velocity

vector and attitude for the strik:.ng vehicle.

The following specific impact parameters were prescribed in the
Statement of Work and refer to the condition to be simulated represented by

Figure 1(a).

Configuration No. v, (MPH) V, (MPH) ¢ (deg )
1 0 30 0
2 30 30 0
3 0 30 30
4 30 30 30
5 0 40 0

3 15-5562-V-2
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{b) CORRESPONDING TEST CONFIGURATION

Figure * EXPLANATION OF TECHNIQUE TO SIMULATE COLLISION



Translating these conditions to the corresponding test configuration represented

by Figure 1(b) results in (based on trigonometric relationships):

C°“f1§“rati°“ -V, (MPH)' V. (MPH) V. (MPH) a (deg.) B (deg.)
0. 1 2 R

1 0 30 30 0 90

2 30 30 42.4 45 45

3 0 30 30 0 60

4 30 30 52 30 30

5 0 40 40 0 90

where VR 1s the resultant velocity (tow speed) of the striking vehicle, o 1s

the angle between the striking vehicle longitudinal axis and the tow track center-
line, and 6 1s the angle between the struck vehicle longitudinal axis and the

tow track centerline. Note that for configurations No. 2 and 4 (where o # 0},

the striking vehicle must be placed on auxiliary wheels to achieve the

necessary impact attitude

Figure 2 1llustrates the vehicle configuration for each test condition.
Struck vehicles were, with one exception, impacted on the passenger (right)
si1de. The vehicles were positioned such that the right side edge of the striking
vehicle moved along a line passing through the Door Opening Reference (DOR)
Point of the struck vehicle (defined by SAE Recommended Practice J972a) Impact
locations for the specific vehicle emploved and test condition angularities are

shown i1n Figure 3.

Test Vehicles

™~
[{¥]

The test vehicles were 1973 Ford 4-door, pillared hardtop automobiles

—_— -

having a nominal curb weight of 4300 lbs. Fuel tanks were removed as « pre-
cautionary measure. For the automobiles used as striking vehicles, the bumper

reinforcing bar was replaced by the corresponding 1974 Ford assembly 1n order

—

5 25-5562-V-2



fa) CONFIG NO. 1 & NO. 5 {b) CONFIG NO.2

ey

(] v
Ug'nm

F,
=

{c) CONFIG NO 3 (d) lCONFlG NO 4

Figure 2 VEHICLE CONFIGURATIONS FOR LATERAL IMPACT TESTS
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PARALLEL TO LONGITUDINAL AXIS

A “
N

\
§§§ HINGE PILLAR

DOR POINT

4

\ .
\\\

\
e AN L
S RN

\\\ FENDER

CONFIGURATIONS 1,2, & 5 CONFIGURATIONS 3 &4 J972a (45°)

SECTION THROUGH A - PILLAR 4" ABOVE DOOR SILL

Figure 3 DEFINITION OF DOR POINT AND LINES ALONG THE RIGHT SIDE OF THE
STRIKING VEHICLE
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*
to simutate tne higher strength of the 1971 bumper systen (all other front
structure 15 virtually 1dentical for the 1973 and 1974 nodel years) Struck

veht l¢s were erther comventicnai or modif.ed 1373 Fords, as required for the

baseline (see Section 3) and modified vehicie (see Section 5; test program.

'n oider to perform the tests requiring an oblique striking vehicle
mmpdrt orientetion, auxiliary wheel assemblies were used to support the vehirle
it the aesirei raw angle  To compensdte for the additional weight of these
~truatures f(approdimately 350 1bs.) the rear axle, rear suspensions iand Jdrive
hift were removed Al four conventional wheels were removed so that the niima
rice height (ground c.earance) could be maintained lhe auxiliary wheel assem
011 8 weve attached to the vehicle in such a manner that no artificial stitfoning

)f *he forward structuce resulted

In a1l crash tests, vehicles were propelled along a guiderail bv a
cable towing svstem employing a ground-based powerplant and automatic speed
control A trailing cable arresting system provided an abort capabilit) 1in the
«vert of an unacceptable vehicle speed or other system anomalies  Just before
the time of impaect, the vehicle in mot.on was released from the towing and
gridance syster so tnat no externil loads, other than at the tire/grevnd urt -
tace, wer» 1ntirodiced [n addition, the striking vchicle artestruyg ystem
wis o~trvated arproximately 100 msec after the primar coliision to prevent

nossible multipic 1mpacts

tJ
H

Anthropomorphic Dummies

the tcllowing 50th percentile male anthropomorphic dummies were pliced

1in the respective test vehicles in conventional seating positiors

The 1973 bumper rcinforcement 1s basically channel-shaped whereas the
corresponiing 1974 assembly has a closed cross-section with addit.on 1 end
supports

*



Vehicle Dummy Type Location
Striking Sierra Model 292-850 Lt front & Rt.
Struck Humano:d Part 572 Front and rear

impacted side

Dummies contained in the struck vehicles
oriented 1n a consistent manner with respect to the

corresponding to conventional and modified interior

*
CONVENTIONAL INTFRIOR

Restraint
front Conv. lap §
shoulder belts

on None

(on the impacted side) were
following lateral dimensions

vehicles, respectively.

Dummy Measurement Dimension (in.)
Front Head to deor glass 10.5
Front Upper arm to door panel 6.0
Front Hip to door panel .5
Front Hip to arm rest .0
Rear Head to C-pillar panel 10.0
Rear Upper arm to sidewall .5
Rear Hip to door panel .5
MODIFIED INTERIOR Approx.
Dummy Measurement Dimension (in.)
Front Head to door glass 10.5
Front Upper arm to door padding 2.0
Front Hip to door padding 4.5
Front Hip to padded arm rest 3.0
Rear Head to C-pillar padding 8.0
Rear Upper arm to sidewall padding 2.5
Rear Hip to door padding 4.5

Dummies were positioned in the same manner with respect to the seat geometrv
for all conventional and modified vehicles; differences in lateral dimensions
result from the addition of padding materials to the interior sidewall  Head
to cei1ling distances were approximately 4' and 3" for the front and rear seat
dummies, respectively. Forehead to windshield distance was approximately

18" for all front seat dummies.

25-5562-v-2



lhe front-seated dummy (struck car), due to high spinal stiffness, appeared to
be unrealistically oriented with respect to head fore-aft location (excessively
rearward) with the seat in mid-position, the front eat was therefore adju tel

to the full forward position 1in all cases.

24 Instrumentation

Test vehicles and dummies were i1nstrumented with accelerometers ¢s

indicited below

Striking Veh:icle

Compartment f{loorpan left front corner (triaxial)
Compartmen* rloorpan right rear corner (triaxial)
Bumper on ( behind reirforcement bar (x-axis)

Firewall near § (x-axis)

Struck Vehicle

Compartment floorpan on driveline tunnel behind tront
seat i(triaxial)

Compaitment floorpan left front corner (triaxial)
Compartment floorpdn left rear corner (triaxial)
Left front door on ¢ 6" below windowsill (y-axis)
Right front door on q‘(y-ax1s)*

Firewall near ¢ (triaxial)

Front dummy head {(triaxialj

Front dummy chest (triaxial)

Front dummv pelvis (y-axis)

Rear dummy head (triaxial)

Tzar dummy chest (triaxial)

Rear cummy pelvis (y-axis)

*
At one or more locations or door, as required for 4 particular test

10 25-5562-Vv-2



Examples of accelerometer locations are shown in Figure 4

A Hamilton Rolamite crash sensor was mounted on the firewall of each
struch vehicle to provide an indication of the sensitivity of the sensor to
lateral impact accelerations. This sensor was previously evaluated 1n a

Calspan rescarch program under NHISA sponsorship (Ref. 6).

A1l power supplv and signal conditioning equipment was contained 1n

the tiunks of the test vehicles

N
w

Data Processing and Reduction

All acceleration data weie processed and filtered i1n accordance with

SAE Recommended Practice J21la as i1ndicated below

SAE J211a
Data Tvpe Channel Class
Vehicle Acceleration 60
Dummy head acceleration 1000
Dummy chest icceleration 180
Dummv pelvis acceleritlon* 180

The Calspan data processing and reduction system 1s described 1n
Ref. 7~ Basically, the data were recorded on IM tape, processed through an
analogue-to-digital conversion system, and reduced (filtered, integrated,

plotted, etc ) 1n a digital format

Complete data in final form for all crash tests performed within this

program are contained in Appendices A and B

*
Not specifically defined by SAF J2lla

11 15-5562-V-2
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3. BASELINE TESTING

Table 1 lists the baseline tests that were perfcrmed. Tests No. 1
through 5 directly correspond to the prescribed test configurations defined 1in
Section 2.1 Test No. 6 was a repeat of configuration No 3 except that a
moving barrier* was substituted for the striking automobile Test No. 7 was
a repeat of configuration No. 4 except that the impact location on the struck
vehicle was moved forward approximately 10 inches from the previous DOR
location to determine the effect of engaging more of the stiffer structure 1n

the region of the A-pillar.

As discussed in Section 2.2, the striking vehicles were 1973 Ford
4-door automobiles with the bumper reinforcement structure replaced by the
strengthened 1974 Ford bumper assembly. Test weight of the striking vehicles,
except for the moving barrier, was approximately 4500 1bs. in all cases (ballast
added 1n trunk when necessary to achieve this weight). The moving bariier
weighed approximately 4000 1bs., consistent with the requirements of FMVSS
No. 208 (S8.2.1). The conventional 1973 Ford 4-door automobiles employed as
struck vehicles weighed between 4650 and 4840 1lbs. as tested (no ballasting),
somewhat heavier than the striking vehicles due to additional instrumentation

and on-board photographic equipment.

Appendix A contains complete test descriptions and data for each of

the baseline crash tests, including the following information:
° description of test conditions

] post-test observations

*
The moving barrier was equipped with a contoured impact surface in con

formance with SAE J972a Recommended Practice {see Ref. 8 for design dctairi<}

13 Z5-5562-\ -2



Table 1
BASELINE TESTS

IMPACT SPEED (MPH) VEHICLE TEST WEIGHT (LBS)
TEST NO CONFIGURATION NO.* | TARGET ACTUAL STRIKING STRLCK
1 1 30.0 294 4500 465)
2 2 424 445 4500 4720
3 3 30.0 29.7 4500 4820
4 ) 52.0 51.7 4500 479)
5 5 40.0 373 4480 4799
6 K 30.0 29.6 4050 4820
7 4 52.0 519 4500 4841

*DEFINED IN SECTION 2.1
**MOVING BARRIER USED AS STRIKING VEHICLE

***IMPACT POINT ON STRUCK VEHICLE MOVED FORWARD 10"
FROM THE IMPACT POINT FOR TESTNO 4

14 25-5562-\



® vehicle and dummy photographs

. vehicle exterior deformation profiles
. passenger compartment static intrusion measurements
. vehicle acceleration responses and integrated velocity

and displacement time histories

' Part 572 dummy (in struck vehicle)} acceleration
responses, integrated velocity and displacement time
*
histories, head and chest severity indices and HIC

numbers

Table 2 summarizes test results which characterize the structural and
glazing performance of the baseline vehicles. These results, however, reflect
an extremely limited sampling of the available test information and the reader
should consult Appendix A for a more complete understanding of the structural

and glazing performance.

A summary of anthropomorphic dummy data is presented in Table 3
Information 1s given pertaining to dummy containment within the passenger
compartment,** region of head contact as determined by the physical evidence,
relative velocity of head contact {when contact occurred and where the velocity
could be calculated with reasonable accuracy from film analysis), and the peak

acceleration responses and associated injury indicators. The specified injury

*
Head Injury Criteria as defined in FMVSS No. 208.

* %
Successful dummy containment indicates that '"all portions of the test device
(were) contained within the outer surfaces of the vehicle passenger compart-
ment throughout the test' (FMVSS No. 208).

15 25-5562-V -2
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SUMMARY OF ANTHROPOMORPHIC DUMMY DATA FOR BASELINE
LATERAL COLLISION TESTS

- T
INJRY -
PARAMETER CRITERIA® | TEST NG ¢ TESTNO 7 TESTNO 8 | TEST NO 7
CONTAINMENT OF DUMMY - ves vEs YES vES ¥ES vEs vEs
- - —
PRIMARY - ROGF S$IDE ROOF SIDE NONE WINDSHIELD NONE NONE NONE
CONTACT MEADER HEADER & 8 DASH
LOCATION APILLAR PANEL
INTER
SECTION
TIME OF COMTACY © 147 [3) 1T V8178 1 - T -
(moect
S —— e e e = —— —— —
HEAD CONTACT VELOCITY** - .1 78 [y t - - -
RESPONSE | (mph)
— — — —_ O
HIC NUMBER 1000 28 50 550> 18 1300+ 2180« P
AP ACC (yf - ? ) 4 2 3 18 P
L R ACC (g} - 1% 12 19 2 2% % 27
S1ACC (g - ) 2 » * 38 " 3
RESULT ACC (g - 15 3 30 £ EY) 55 »
| { -+ i
¢
AP ACC gt 80 6 » 10 1 7 ’
CHEST L RACC g s 3% £ Rt » =] &)
AESPONSE | 51! ACC (g P 8 [ " 13 ° 10
RESULT ACC (g 60 » n 45 b L] e
— ] —— 4 —_ _
PELVIC | | nace - 33 2 38 n as sa n
MEWNUNDE hd }
——— - — —— - - —
] DUMMY (N RIGHT REAR REAT
INMJWRY
i PARAMETER CRITERIA TESTNG 1 TEST NO 2 TESTNO 3 TESTNO 4 TESPNGS | TESTNO & | TEST NO 7
;, e e T i
| CONTAINMENT OF DUMMY 1 YES | YES YES YES YES YES vEs
—_ 3 - } I
| PR man. ] CPILLAR CPILLAR CPILLAR CPILLAR CPHLLAR CRILLAR CPILLAR
contacy :
LOCATION r !
|
! Tt OF L ONTACT + | =3 = = =3 e + - -~
ivit OF LONTACT H &7 83 08 L] 83 a0 6
imec i
- - ¢ — B
HEAD CONTACT VELOCITY | N/A 197 12] ] 137 188 N/A N/A
RESPONSE | Imph N X
HIC NUMBER ‘ oo 84 ap 645 3] o 537
\ APaACC o . % 1 n 83 y 8 I
! Lt RACC g kl 17 ™ T2 20 n ar
siaCC 4 ) I 27 » 50 28 , ™ @
‘ RESULT ACC tg h | n * 100 a7 32 100
| R — —_ 4
i aPacc gt 60 [] 2 14 13
f CHEST | LAacc 9 j as , - 3 £ a7 ]
| RESPONSE | s1acC g { 20 [} [} 3 I
|
RESUL!T ACC ¢ 60 45 41 3 47
JRUS S — - - - rv
| PELVIC L LaaLe ! 51 a2 18 n &8 “ 22
[ AESPONSE J LAaaC i J v 22

ASSPECIFIED IN WORK STATEMENT
"*OBYAINED FRAOM FILM ANALYSIS

“DOES NOT RESULY FROM CONTACT WiTH VEMICLE STRUCTURE
N A CANNOY BE ACCURATELY OETERMINED FROM PHOTOGRAPHIC COVERAGE

NOTE GIVEN ACCELERATION MAXIMA ARE EXCEEDED ONLY FOR TIME INTERVALS NO GREATER THAN 3 MILULISECONDS
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criteria were prescribed i1n the Statement of Work by NHTSA based on bio-
mechanical information and, for tne purposes of this program, were i1nterpreted
as being approximate threshold values above which very serious or fatal injury
would be expected. The dummy responses that cxceeded a particular injury

criterion are denoted i1n Table 3 (note boxed-in values).

The Hamilton Rolamite (Serial No. 2164) crash sensor mounted on the
firewall of the struck vehicle (oriented longitudinally) triggered in only one
1nstance This occurred 1in Test No. 7, where an activation signal was indicated
42 5 msec after initial vehicle contact (time zero)}. Triaxial acceleration
data were obtained from transducers mounted to the same fix*ture as the crash
sensor (data contained 1in Appendix A). The acceleration pulse to which the

crash sensor was subjected can therefore be correlated with the sensor resjonse

18 25-5562-V-2



4. VEHICLE MODIFICATION

This section describes the structural, glaring and interior mod-
ifications relating to lateral impact protection that were employed in the
modified test vehicles. The structural modifications were developed previously.
This research program was principally directed towards the developmental testing

of advanced glazing and interior padding modifications,

4.1 Structure

Structural modifications employed in the struck vehicles were developed
in previcus NHTSA research programs by Calspan (Refs. 2 and 3). In general, the
modification effort was restricted to structural components developed primarily
for side impact protection.* These components are illustrated in Figure 5
{labeled 1tems only). As noted, the modifications are related both to the
perimeter frame structure (3rd crossmember and longitudinal struts) and the

body structure (side pillars, door beams and roll bar). -

Further descriptions of each structural modification are given

below-
. 3rd frame crossmember

This structure was designed to provide additional lateral
support to the frame siderails near mid-span (B-pillar location) and to drssipate
energy through bending when the siderails deflect laterally. The longitudinal
struts serve as additional stiffening elements (also related to front stiu ture

performance).

*
These structural modifications are also functional to some extent in other

accident modes, e.g , frontal and rollover collisions.

19 15-5562-V-2
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(b) FRAME MODIFICATIONS

Figue 5 STRUCTURAL MODIFICATIONS
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o A-pillar

This modification involved strengthening of the A-pillar
structures to provide increased support for the front door hinge attachment
hardware. Increased metal thickness of the interior and exterior pillar
surfaces was needed, but nc significant geometric changes were required due tn
the inherent strength of the conventional box-like configuration. A thin-waliel
tubular member was added to the upper firewall between the A-pillars to simuldte

additional lateral strength resulting from a reinforced firewall structure.
] B pillar

Modification of the B-pillar required increasing the bendinyg
strength, providing attachment points for the front door latch and rear door
hinge hardware, and 1insuring effective load transfer to the roof, floorpan and
frame. With respect to the frame load path, the lower B-pillar was designed to
overlap the frame side rail, thus bearing directly against the side rail when

laterally loaded.
. C-pillar

This modification involved strengthening of the conventional
C-pillar structure to provide the required support for the rear door latch
attachment hardware. Increased metal thicknesses in certain areas and more

extensive continuous seam welding of the conventional sheet metal components

were required.
° Roll bar

A thin-walled tubular structure was installed betwce: 1he
upper B-pillars to increase the lateral strength of the roof. This modific: ron

obviously relates also to rollover protection.

21 25-5562-V-2



Door beam panels

High strength-to-weight panel s.ructures {(*hree ccl’
corrugated shape) were incorpordted (nto the doors 1n the available space
between the glass stowage mechanism and the outer door skin. The<c scructures
were designeu to cover nearl t.e ontire lower door areas  The panels were
attached directlv to the door retention hardwdare (~trengthened hin.c~ and
modified lat~hes) to provide effective load transfer to thc respective side
pillars. Figure 6 shows how the panels were desiuned to engage tne bumper and

front sheet metal of a striking venicle.

The net weight 1ncrease resulting from thesc stracturat modifi.ations
to a 1977 Ford auatomoh:le 1s apprnximately 200 1bs 1t should ce¢ nored thac
this weight penalty could be rveduced signiticantlyv 1f the design changes were
more effectinel 1ntegrated with the productiocn vehicle structur. 'nstead of

largely repiesenting add-on modifications. The reader should consult Ref 3

1

for a more detatled description of the structural modifications ind we.ght " reak-
down
4 2 Glazing

This etfort iprvolved the design and testing ¢f Jaminated side glazing
and peripheral support structure to be in-talled 11 the modified test veh.o ies
Since the 1975 1ord base vehicles have no upper dour frames (un-upportca glas.),
the Jesign of support structure was neces<ary The laminated glass «as selrrted
on the basis of providing a reprecentat-ie variety >f constructions i o' -
tvpes, with.n tkte limits of a arlabriity, tme and funding constrain®s It woas
aiso required to design the gla-ing ad support structure such that the 10l

down operatron of the side wincow could be preserved.

121 Design and Headform Impuct Testing

Peripheral support structure for -ide glazing was designed 'nu to 1 !

t1gure 7 shows the frame structure dand *ne test f.xture used for leadfnr

22 728-5562-V °
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Figuire 7 DESIGN OF GLASS FRAME STRUCTURE AND IMPACT TEST FIXTURE
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impact tests (vertical drops). The outer frame lined with 1/8" rubber
represented the upper door frame structure. The glass laminate was directly
supported by the 050" steel channel bonded to the glass with polysulfide
adhe51ve.* Since no clamping pressure was applied to the peripheral channel,
this configuration simulated a movable side window configuration  The periph-
eral channel was designed to support a 030" polyvinyl butyral (PVB) inter-
layer stretched as a membrane to a tensile stress of 3000 psi (nominal ultimate

tensile strength of PVRB)

Three 1mpact tests were performed using an adult (15.5 1b.) headform.
Laminated annealed glass was used with a .030" PVB interlayer and each glass

plv thickness approximately .110" (HPR windshield type) Test conditions were

as follows

Test No Configuration Impact Velocity (MPH)
1 4 sided frame 20.0
2 3 sided frame 20 0
3 3 sided frame at
partial roll-down 20.0

Figure 8 shows the test of the four-sided frame structure, for which
full retention of the glass was maintained Figure 9 shows the test of the
three-sided frame structure, which simulated a free edge corresponding to the
bottom of the glass as installed in a door (normally bolted to roll-down
mechanism) Full retention of the glass was also maintained with this support

configuration. Figure 10 shows the test of the three-sided channel structure

*
Supplied by Thiokol Corporation, Chemical Division, Trenton, N.J.
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Figure 8 HEADFORM IMPACT TEST OF FOUR-SIDED FRAME STRUCTURE (TEST NO. 1)
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Figure 9 HEADFORM IMPACT TEST OF THREE-SIDED FRAME STRUCTURE (TEST NO. 2
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in a simulated partial roll-down configuration, in which the headform impacted
approximately 3" from the channel-supported edge. Again, full retention of
the glass was maintained, although the supported edge deflected approximately
3.4,

The acceleration responses and associated velocity, displacement and
severity index time histories are contained in Appendix C. Table 4 summarizes

the pertinent test results.

Dynamic deflection of the PVB interlayer (head plow-in) was close to
5" 1n each case. No tearing of the interlayer or separation from the peripheral
support frames occurred  Short duration headform responses during glass break-
age all appear to be in the neighborhood of 75 g's, indicating a nominal dynamic
breakage load of 1200 1bs. (headform weight = 15.5 1bs.). In each case, the HIC

nurber was well below the assumed human tolerance limit of 1000.

The important conclusion was that the channel-shaped frame bonded to
the glass periphery was adequate to constrain the laminate within the simulated
upper door frame structure during a 20 MPH head impact. Furthermore, the framed
glass edge, when exposed to head contact when the window 1s partially rolled

*

down, does not appear to pose an additional hazard.

* X
Laminated glazing materials of the following constructions were
subjected to additional impact testing at various velocities with both adult

(7.5" dia., 15.5 1bs.) and child (6.5'" dia., 7.5 1lbs.) headforms.

) The lacerative potential and the effect of striking the frame at angles

other than the perpendicular were not investigated.

" All glazing specimens were furnished by PPG Industries, Pittsburgh,

Pennsylvania, at no cost to the program.
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Type inside Layer Interlayer Outside Layer

A-A (.015) .105'" annealed glass .015" PVB 105" annealed glass
A-A (.030) .115" annealed glass .030" PVB .115" annealed glass
T-T (.030) 5/32" (.156) tempered glass .030'" PVB 5/32" tempered glass
PPG blla)el* .030" plastic --- 5/32" tempered glass

The specific test conditions and a summary of results are given 1in Table >. All

of these laminates had dimensions of 19-1/4" x 24-1/4" and were supported by

three-sided frame structures as 1n Test No. 2 described above.

Acceleration response data and corresponding velocity and displace-

ment time histories are contained in Appendix C. Cumulative Severity Index

curves are also shown. It should be noted that no tearing of the interlayer

occurred 1in any of the cases except for Test No. 13 (laminated annealed glass

with .015"" interlayer), in which complete head penetration occurred (circular

shaped tear with approximately 28" circumference).

Two layers of moist chamois were applied to the adult headform for

the 15 MPH impact tests to get an indication of the laceration potential of

* %

each type of laminate. Resulting Laceration Indices are given below:

Test No. Material Type Laceration Index
5 A-A (.015) 1
17 A-A {.03C) 2
* ¥k
10 T-T 0
16 PPG bilayer 0

* %k

* Wk

This 1s an exposed plastic design, the plastic layer is a proprietary material
under development by PPG Industries

The procedure used is described in E. R. Plumat, et al., "Nonlacerating Glass

Windshields--A New Improved Approach,' 15th Stapp Car Crash Conference
November 1971. ,

No glass fracture occurred under this test condition.
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Figure 11 shows the computed HIC numbers plotted as a function of
impact velocity for each glazing type except for the thinner interlayer, two-
ply annealed construction, which lacks sufficient penetration resistance. Taestc
results show that (a) the laminated tempered glass configuration possessed
excessive breakage strength, (b) the two-ply annealed and bilayer constructions
produced HIC numbers well within the a<sumed human tolerance limit for the adult
headform 1mpacts, and (c) the assumed huma: tolerance limit was exceeded for the
chi1ld headform impacts of the two-ply annealed and bilayer constructions for
impact velocities in excess of approximately 15 MPH. However, 1t is not known

to what extent the assumed tolerance limit 1s meaningful in the case of a child

In summary, resulte of the impact tests indicated that Types A-A ( U015
and T-T (.030) could be ruled out tor modified vehicle side glazing application

for the following reasons

Type A-A (.015) - The thin PVB interlayer (.015"} lacks
sufficient penetration resistance {child
headform completely penetrated the material
at 20 MPH).

Type T-T ( 030) -~ The two-ply 5/32" tempered lamlnate* has
excessive breakage strength (HIC numbers
for the aduit headform ranged from 850 for
a 10 MPH impact to 2660 for a 20 MPH impact,

neither of which caused complete glass fracture)

Tvpe A-A (.030) and the PPG bilayer appeared to be suitable for modified vehicle

application, at least on the basis of i1mpact performance.

Technical representatives of Ford Motor Co. and PPG Industries have indicdated
that the 5/32" tempered glass thickness (each ply) is the minimum that could
presently be considered for high volume production because of warpige piroblems
with thinner plys during thermal tempering.
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4 2.2 Modified Vehicle Glazing Installation

Based on the headform impact test results presented in Section 4.2.1,
laminated side glazing for the modified vehicles was limited to the following

two types of construction:

Type Inside Layer Interlayer Outside Layer
A-A (.030) .100" annealed glass .030" PVB .100" annealed glass
PPG balayer .30 plastic --- 7/32" (.219) tempered glass

Note that the thicknesses of the glass plies vary somewhat from the corres-
ponding laminated specimens subjected to headform testing. The reason for this
1s that the modified vehicle glazing needed to be fabricated with the same
curvature as the conventional 1973 Ford front door sidelite, availability of
glass which could be readily formed (or was already available) dictated use

*
of the indicated glass ply thicknesses.

The use of glazing that duplicated the conventional curvature was
necessary in order to demonstrate rolldown operation of the framed, laminated
side windows. Of course, the metal framing (both the upper door frames and
peripheral channels bonded to the glass edge) needed to be fabricated with
the corresponding shape and curvature ot the conventional glass edge.**

Figure 12 1llustrates the design of the upper door frame and peripheral support

structure. Installation of the operational laminated glazing was limited to

*!

The curved laminates were supplied bv PPG Industries at no cost to the
program,

* %
The fabricated metal frames were procured from Creative Industries ot

Detroit.
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the front door windows, rear door windows either retained the conventional
*
monolithic tempered glass or were replaced by flat, fixed laminated glass.

The two types of laminates cmployed arc discussed in the following.

. Two-ply annealed glass with 030" PVB inter-

layer

This construction 1s essentially the same as

presently used in all domestic automobile windshields.

The PVB interlayer was increased in thickness from .01S"
tc 030" and a controlled adhesion bonding process was
introduced 1n the 1966-model domestic automobiles to pro-
vide increased penetration resistance (High Penetration
Recistance construction). This construction (Type AS 1)
meets all requirements of FMVSS No. 205 for use anywhere
in motor vehicles. (Monolithic tempered glass, Type AS 2,

can be used anywhere except in windshields.)

Prior to the late 1950's laminated annealed glass
was also employed in side windows. The shift to mono-
lithic tempered glass was believed to be made for one or
moie of the following reasons {(a) substantially lower pro-
duction cost, (b) annealed glass frequently required replace-
ment because of 1ts fragileness, and (c) evidence of ex-
cessive laceration injuries caused by the fracture properties

of the annealed glass during lateral impacts. Monclithic

*
This depended on the test condition. For the oblique lateral impacts where

rear dummy glass contact was possible (although not likely), the flat laminated
glass was installed 1in the rear door windows.
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tempered glass apparently has been successful 1n reducing
the rej lacement rate and laceration propensity, however,

ne containrent of occupints 1s orovided by this tvpe >F
¢liss subsequent to fractur (characterized by fraguwentation

into small granules).
[ P bilayer

Th1s construction 1s one of severa! cxposed plastic
concept- .irrently beirg investigated bv glaz_.ng manu
facturer~ and others Advantages ovar two-p'; 1455
laminates appear t. bhe (a) reduced werght since orl., one
g'ass plv 1 necessary, and (b) reduction or elimination
of lacerat: n potential due to the protective plastic la,er
on the 1nside <urface  The principal dicadvartige 1s *nat
plastic materials have abrasion resistance inferior to glass,
Mc1sture absorption by the plastic and resistan e *to certain
chemicals are also potentiil problems with cxposed plastic
clazing

*

the FPG bilaver construction, 1n 1ts present state
of development, will not meet the FMVSS No 205 regulatiun.
for use 1n motor vehicles it jocations reguisite for driving
visibility, 1 e , generallv all glass areas in autorobiles
{there ire -some exceptions) Sneci1fically, the plast:
uater:al will not pass the abrision resistonee test (lest

* %
No  1%) defined by the AVS 226 '-1969 specitficatrons walch

This hilayer construction 1s current'r uder development by FeG Industiic s

Inc., tor poss.ble aircraft, automob.le, c1 other commercial applucat.ons
* % .

Anerican Natiornal Standard "Safetyv Code foir Safety Glacing Materials for

Glazing Motor Vehicles Opevating on land H-ghways"

I~
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constitute Section 5 1.1 of FMVSS No. 205. Indeed, to our
knowledge, no existing plastic will pass this abrasion test
(1000 cycle Taber Abraser; The question is whether or

not this test condition, developed specifically for glass,
can be relaxed for the inside glazing surface without
compromising the requirement of a durable, optically accept-
able light transmitting surface over a reasonable auto-
mobile service life. It should be noted, however, that the
plastic material will pass the ANS Z26 abrasion test for
plastics (Test No 17), but rigid and flexible plastics are
presently allowed only 1in specific locations not requisite

for driving visibility (with some exceptions).

As an i1mportant related consideration, there 1s
evidence that the particular plastic material (PPG proprietary)
possesses superior penetration resistance at high and Jow
temperature extremes as compared with polyvinyl butyral
(PVB), at room temperature the mechanical properties are

believed to be similar.

Further study into the feasibility of exposed plastac
glazing materials was beyond the scope of this program. In
summary, 1t appears that an extensive review of FMVSS No. 205
requirements would need to be undertaken in order to
establish whether or not glazing materials of this type
would be acceptable as an alternative to traditional

automotive glazing constructions

Installation of the two types of laminates required different
methods to mount the glazing to the rolldown mechanism within the door cavitv
The conventional thermal tempered glass 1s bolted to the linkage mechanism

through holes drilled along the bottom edge of the glass. The bilayer
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construction was similarly mounted since 1t 1s partially composed of tempered
{strengthened) glass. The two-ply annealed laminate, s.nce it does not posse,s
adequate tensile strength, cannot be bolted 1n ps;ace because drilled holes
cause stress concentrations which 1nitiate crack propagation  Thus, for this
case, the laminate was fabricated with a straight bottom edge which was bonded
to a sheet metal channel The metal structure was extended beliow the glass
surface and contained the normal bolt pattern Figure 13 1llustic¢tes the shape

difference for the two types of lam.nates (peripheral frame structure not shovn)

Figure 14 shows a completed installation of supported, laminated glcss
in a modified 1973 Ford and demonstrates that the rolldown capability was pre
served ' total of five modified rehicles (designated A through F) were con-
structed and crash tested. Each venicle contained a front door glazing
imstallatica similar tc that shown in Figurc 14 The following table 1indicates

the specific type of side glazing employed in each modified test vehicle

Mcdified
Vehicle Glazing Installation
Designation Front Door Rear Door
kg
A A-A (.030) A-A ( 030)
B A-A (.C30) Conventional
C A-A ( 030) Conventional
D PPG bilayer Conientional
Ex* A-A { 030) Conventional

Fixed, flat glass laminate

* x

No structural modifications except {or upper door frame
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lal ANMEALED GLASS LAMINATE (STRAIGHT BOTTOM EDGE]

ib] BILAYER [CONVENTIONAL SHAPE AND BOLT PATTERRMN|

Figure 13 FRONT DOOR CURVED GLAZING CONFIGURATIONS
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Vehicle A contained the glazing (and structural) modifications on both sides
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were restricted to one side of the remaining vehicles since these were laterally

impacted on one side only

4.3 Interior

Modifications to the interior of the passenger compartment included
crushable door panels and protective padding materials added to the sidewall
areas subject to occupant contact under the specific lateral impact test con-
ditions. This effort, for the most part, was based on an interior design

previously developed by Calspan under Contract No. DOT-HS-053-2-487 (Ref. 3).

1.3.1 Padding Material Tests

As noted above, the interior design followed mainly from previous
developmental efforts However, information was needed which more fully
characterizes the performance of the various padding materials and constructions
uti1lized 1n the interior modification. References 2 and 3 contain additional
information that should be consulted for a complete understanding of the
rationale behind the material selection and padding design. Refer to Section
4 3,2 for detailed descriptions ot the actual materials and constructions used

in the modified test vehicles.

Table 6 lists the static tests that were performed. The lateral
body form was designed to simulate the nominal shape of a 50th percentile male
torso laterally oriented with respect to the contacted surtace The body form
was constructed from hardwood and was shaped as a half cylinder with 1 diameter
of 8 inches and a length of 31 inches. A covering of 1/2" Ensolite was added
to the surface to provide some resiliency. For some of the tests, an arn
removed from a Part 572 dummy was attached to the lateral body form to simulate
the case where an occupant's arm 1s located between the occupant and the

contacted sidewall surface Depending on the positioning of an occupant, 1t 1%
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possible that the arm of an occupant could be alongside the body, totally out
of the contact zone, or somewhere in between. The test conditions represent
the extreme cases, 1.e , either totally constrained between the body and the

contact surface or totally uninvolved.

The materials tested statically are briefly described in Table 6.
Both flat and contoured surface panels were tested. Figure 15 1llustrates the
tests of flat paper honeycomb (4" thickness) panels covered by 1/2" of Ensolite.
The static tests of the contoured door panels fabricated from 3/8'" cell and
3/4" cell paper honevcomb and Ensolite material (see Figure 25) are shown 1in
Figures 16 and 17 for the cases of the lateral body form with and without the
dummy arm, respectinely Figure 18 shows the test of the 7.5 1b/ft.3 expanded

urethane materaal

Static test data are contiined in Table 6 and Figure 19 for the
various paper honevcomb door panel configurations A large variation in crush
strength 1s apparent between the paper honevcomb with different cell size
For the contoured panels, -i1gnificant loads are not achieved until about 2
inches of crush due to the airmrest projection, however, the increased overall
depth of this configuration provides a greater total crush stroke The con-
toured configuration containing the two types (different cell sizes) of honey-
comb appears to have an overall crush strength more closely related to the
3/4" cell flat surface honeycomb configuration. The static test load-displace-
ment curve for the expanded urethane material is included with the corresponding

dvnamic data (see Tigure 23b).

Descraptions of the dynamic tests performed 4t nominal impact
velocities of 10 and 20 MPH are contained in Table 7 The material com-
positions, dimensions and body forms were identical to the corresponding static
test conditions. For the dynamic tests, the body forms and test specimens
were installed on the Calspan linear accelerator test facility, as shown 1in

li1gure 20. The facility, in essence, 1s a small impact sled propelled by a
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LOAD (lbs x 1000}

3/8" CELL (S4)

>

1
/ 3/4” CELL (s5)

-
-

CONTOURED PANEL (S6)

0 L, sl 1 | . |
0 1 2 3 4 5 (3}
(a) LATERAL BODY FORMWITH ARM
10

/

/

N/
43/8" CELL (S1)
/

/

CONTOURED

PANEL (S3) \

/ 3/4” CELL (sz)\

— —-—
- -
— ~ ——
-
-
-
-
e
-
-

1 i 1 1
1 2 3 4

DISPLACEMENT {IN )
{b) LATERAL BODY FORM

Figure 19 STATIC LOAD-DISPLACEMENT CHARACTERISTICS OF
HONEYCOMB PANELS
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{al LATERAL BODY BLOCK

bl WITH DUMMY ARM ATTACHED

Figure 20 LINEAR ACCELERATOR TEST SETUP




hydraulic ¢vlinder capable of accelerating a 100 1b mass up to 40 MPH in a
stroke of 12.9 inches. The impact sjeed 15 iegulated by the inmitial pressure
of the silicone base hvdraulic fluid The movable cart with the bcay form
attached 1s brought to rest by the impact with the material test specimen and

a rebound arresting device.

load-displicement results for the [lat honeycomb panels are presented
in Figure 21 along with the corresponding static test data It 1s noted that,
for a given displacement, the dynamic loads generally exceeded the static
levels, 1adicatine some rate sensitivity. This effect appears to be more
significant for the case where the Jdummy arm wes included with the body form
The reason for this .< not clear but 1t 1s hvpothesized that variation of the
crush stieng*h properties between the various test specimens could account for
this behav \1,* possible rate sensitivity of the dummy skin material could also
have caused this effect In any event, the dynamic loads geneially exceeded
the static loads by nominal values of trom 20 to 100%, but more testing and
analysis would be required to determine the exact cause of this apparent rate

sensitivity  The deformation of the honeycomb pvanels resulting from each test

1s shown 1n Uigure 22

Dynam.c test results contained in Figure 23 for the expinded urcthanc
matertal indicate thit this mater1al possesses dramatic rate sensitivity  hote
particularly the comparison with stattc test results in Figure 23(b) fhis
behavior retlects the highly viscoelastic nature of the particular urethane
material, 1.e , the material tends to relax or flow under slowly applied
loading but, as °s characteristic of vis.ous materials, exhibits 1ncreased
flow resistance as the displacement rite increases  Recovery of the miterial
to 1ts original shape takes place follow.ng i1mpact as a result of i1ts o' ( t1«

propert.es

See discussior of paper honeycomb crush strength variability on page 6l

x
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LOAD (LBS X 1000)

107

T /
STATIC 7N /
(85) \ “e——10 0 MPH (D5)
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0 o /1 14’ l J J
0 1 2 3 4 5 €
(a} LATERAL BODY FORM WITH ARM
6r
4 |- /18 9 MPH {D2) / N
/’\\ ’7C-"\|
[ Y
/ ]
2 ! \STATIC (82) /
/ H
/'\‘ 7 #+————10 0 MPH (D1) /
I‘| ! v’ /
! ] /
i\
0 ;-1 21 N 7 i }
0 1 2 3 4 5 6

DISPLACEMENT {IN ;
(b) LATERAL BODY FORM

Figure 21 LOAD DISPLACEMENT CHARACTERISTICS OF FLAT HONEYCOMB
PANELS (3/4"” CELL)
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4.3 2 Modified Vehicle Interior Installation

Figure 24 1llustrates the areas of the interior sidewall that were
modified for increased occupant protection. Also shown are the positions of
Part 572 dummies with respect to the padded areas. It should be noted that the
upper B-pillar, although a likely target for occupant contact in certain lateral
impact situations, 1s not shown as a padded area because the structural pillar
modification was not fabricated to represent a reasonable pillar cross-section

shape.

Reference 3 describes the various padding concepts and certain lateial
impact test data which characterize the padding performance. For example,
results of a 30 MPH perpendicular impact by a contoured-surface moving bartier
indicated the following peak head, chest, and pelvic loadings for 50th per-

centile dummies located on the struck side of the modified vehicle:-

Front Rear

Dummy ~ Dummy
Head Severity Index 181 160
Head Resultant Acceleration 44 g's 40 g's
Chest Resultant Accelexation 45 g's 37 g's
Pelvis Resultant Acceleration 46 g's 23 g's

No evidence of bottoming out of the padding materials was observed. [Ixtia-
polating to the lateral impact test conditions specified for this proirum, 1t
was concluded that the same basic interior design would likely be capiblc of

demonstrating the required occupant protection. Although some minor design

Due to funding limitations, fabrication of a die formed prototype B-pillar
was not possible (this was done in Contract DOT-HS-053-2-487). Instead,
the B-pillar was constructed from rectangular steel tubing with siml'r
strength characteristics.
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changes were made during the course of the crash testing, the basic design was

generally maintained throughout

Additional descriptions vt the various padding materials and con-

structions are given below-
. {rushable Door Panels

Designs of tle front and rear door panels are
1llustrated 1n Figure 25 As noted, the panels were con-
structed from both 3/8' cell and 3/4' cell paper honey-
comb with a covering of Ensolite material. The use of the
different cell size honevcomb on the upper and lower surfaces
was necessary to more evenly distribute the chest and
pelvic loadings due to the variation of contact areas (hip
contact area 1s larger than the contact area of the uppe1
torso). The paper honeycomb materials were bonded to flat
.040" aluminum sheets with Hysol Type 3X adhesive. The
aluminum panels, which provided a means of attachment to
the conventional 1nner door panels, contained a matrix of
3/8'" holes to allow ai1r to be partially expelled from the
honeycomb cells during the crush stroke. The Ensolite
covering was bonded to the shaped paper honeycomb using
3M No 847 industriai adhesive, this covering provides a
resilient surface that would prevent damage to the honey-

comb in very low speed impacts and from normal vehicle usage

Material compositions and properties are given

below.
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*
3/8'" cell paper honeycomb (non-impregnated)

Type KP 3/8 - 80(0)E

Density = 2.1 lbs/ft3 (expanded)
Paper weight = 80 lbs/ream

Nominal compressive strength = 72 psi

Nominal crush strength = 36 ps1

*
3/4" cell paper honeycomb (non-impregnated)

Type KP 3/4 - 80(0)E

Density = 1.2 lbs/ft3 {expanded)
Paper weight = 80 lbs/ream

Nominal compression strength = 39 psi
Nominal crush strength = 20 psi

. * %
Ensolite

Expanded, closed cell, modified polyvinyl chloride
Type AL
Density = 7 1lbs/ft3 (expanded)

25% compressive strength = 5 psi

Technical representatives of Hexcel Corporation have
indicated that there are basic limitations of paper honeycomb
that are pertinent to automotive energy-absorption applai-
cations {Ref. 9). The possible deficiencies include (a) pro-

duction tolerances are such that variations of crush strength

*
Procured from Hexcel Corporation
* *
Procured from local vendor (a Uniroyal product)
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up to T 20% of the nominal value can be e<pzcted, (b)
prolonged higl, humidity exposure can reduce the crush
strenc.h 2y as much as 50%, (¢) vat.r ibsorption causes
paper detecrioration, ana (d) lammability. Impregnation
with phenolic resins can provide protection against humid-
1ty and mristure absorprion. However, 1t 1s not precsently
Fnown "ow well impregnated paper would withs*and these
condit ton> throughout the service life of an automobile.
Treatment wita flane-retardant chemicals 1s also possible

t+y reduce combustibilaty

In sumriarv, paper honeycomb materials are known .c
fo,sess e>ceptional energy dbsorption charactieristics, are
lrghtweight and re presentlv being produced 1n large
volumes * However, 1t has not yet been establisted whether
or not these miterials are suitable for automobile appli-
cations 1r view of the unccrtainties pointed out above
turther <tudv 1s necded to i1esclve the feasibil -ty question
and to estiblish production cost estimates for crushable

door panel designs.
. Upper C-pillar Area

The material used for head protection in this area

tds a 75 1o/ft? open celled, poiy~tncr arethane denoted
* "

as Ivpe $-00230 by the supplic: this iterial has jro-

nounced viscoelastic characteristics as 1ncic ted by 1ts

Alumin mn honeycomb with the desired crash -tiength 1s, to our knowledgc, not
commercially aviilable and these miter.ils e nuch more expensive than paper
hone» comb products

Piocured from Specialty Composites Corporation, Nevitk Delaware Thi 15 m

experinental material cu.rently under dcyelooment and is not believed to ~e
commercially availibie at this time

£ 25-5562 V-2



after impact.

Reference 2 contains results of headform testing
which show that effective head protection can be achieved
using a 2" thickness of this material (as installed in
the C-pillar area) up to impact speeds in the neighbor-
hood of 12 to 15 MPH at room temperature, based on a
maximum 80 g requlrement.* As 1s the case for all urethane
base materials, a possible deficiency is 1ts significant
sensitivity to temperature, i.e., the compressive strength
decreases as temperature increases, and vice versa. Con-
sequently, the impact protection properties are degraded
under conditions of high and low temperatures, as is pre-
sently the case with energy absorbing dashpanels con-
taining urethane padding. However, normal compartment
heating and cooling would be expected to alleviate this

problem to some extent.

Static load-deflection data presented in Section 4.3.1
for a lateral body form loading configuration showed that the
Type S-00230 urethane material 1s highly rate sensitive.

- This behavior 1s believed to be generally advantageous in
this application where the material thickness is severely
limited by the dimensional constraints of the passenger com-

partment. That is, peak head loading will vary as a function

The human tolerance criterion relating to head impact assumed for this
investigation (HIC < 1000) appears to be less stringent, indicating acreptable
performance at velocities approaching 20 MPH.
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of impact velocity such taat complete material compression
(bottoming out) 1s avoided. In anv event, crash test results
contained 1n Section S demorstrate that adequatc head pro-
tection for the rea~ occupant {aummy) was achieved under all

the lateral impact test conditions investigated.

® Mid C-pillar Area

the des.gn of the 1973 Ford 1s such that a trianguiar
shiaped -1dewall area exists behind the rear door structure,
adjacent to the upper torso of a rear occupant. A crush-
able padding utilizing paper honeycormb material, such as vas
used for the door panels, cannct be employed in this limted
size area because edge effects predominate, 1 e , the cells of
the paper honeycomb do not collapse 1n a controlled manner but
tend to 'blow out'" toward the edges. As a result, an expanded
urethane material with a nomina: thickness of 4 1nches was
selected for this area Bised on a previous material testing
(References 2 and 3), Scott Paper Co Impac :II material, a
semi-flexible, open cell polyether foam with a density of
approximdtel, 3 1b/tt3, appeared to be well suited for this

application

tor one crash test {(No 12}, the same urethane used
1n the upper C-pillar area (described ibove) was substitited
for the Impac IIl in order to cvaluate the etfect of in-
creasing the compression s.rength of the padding material

used 1in this area.

. Roof Side Header

Achieving effective head impact protection in th.,

area 15 extremely difficult due to the dinensional constraint

64 £5-5562-V -2




and structural requirements of the roof header In
fact, a more reasonable approach might be to design the
passenger compartment geometry and/or restraint system
such that head contact in this area could be avoided.
Nevertheless, an attempt was made to offer a limited
amount of head protection 1n this area by applying a
layer of 1/2" Ensolite over the header structure and
behind the molding strip. An extensive investigation of
energ)y absorption concepts (e.g., thin-walled metal
collapsible structures) would probably be necessary in
order to design more effective head protection features

*
into the roof header structure.

Figure 26 shows examples of the various interior modifications

Approximate weights of the modifications are given below.

Component Wweight (1lbs )

Crushable front
door panel 85

Crushable 1ea:
doo1 panel 10.0

Upper C-pillar

padding 2.5
Mid C-pillar padding
(Impac III material) 05

21.5 x 2 = 43%.0 (both sides)

This discussion 1S also applicable to the problem of side pillar head
1mpact protection (A- and B-pillars for the 1973 Ford automobile).
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A total of five modified vehicles were crash tested (see Section 5).

*

The following table indicates the combination of structural, glazing (see

Section 4.2.2) and interior modifications contained in each vehicle-

Modified
Vehicle
Designation Structure Glazing Interior
*
A X X X
B X X -
C X X X
* *
D X X X
E - X X

This vehicle was subjected to two crash tests; interior modifications were
made to the left side only (for Test No. 11).

* K

Mid C-pallar padding changed from Impac III to S-00230 urethane for Test
No. 12.
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5. MODIFIID VEHICLE TESTING

Table 8 lists the modified vehicle tests that were pc-formed  Test
conditions generally corresponded either te Configuratior No. 3 or No 5
(see Section 2.1). The target impact speed of 39.0 MPH was celected for the
Configuaration No 5 teats* because the corresponding baseline test wa- >ome-
wn1t under (h. _ntended velocity (sce T-kle 1), tne . hosen turget speed :s
hetween the a tual baseline velocity (37 3 MPH) and the 1ntended impact spee!
40,0 MPH) For all monaified vehicle te<sts, the actual 1mpact speeds wcre

extremely close to the target velocities

Consistent with the baseline tests (see Section 3), i1l striking
vehicles were 1975 Ford 4-door :utomobiles with the bumper i1eintfor-cment
structures repliced by the strengthened 1974 Ford assemblies Test No [l
employed the same moving bariler test device as wa used for Test Mo. 6 of
the baseline series. Striking iehicle test wcights were approximately equal
to the corresponding baseline test wcights  Modified struck vehicle test
weights were generally comparable to the baseline struck vehicle test weilghtc
because the removal of . irious vehicle components requircd during the structuril
fabrication pirocedure tended to balance out the additional weight of the <tric

tural meditications

The general naturc of the struck vehicle moaifications 1s 1nlicdced
1r Table 8 for each test. More detailed 1nformation regarding the specitic
giazing and inteilor modifications can he found by referring to page 10
(giizing description) and page 67 (interior descriptronj and covrelat p,
the letter-designated vehicles to the specific tests as given below “he

assoclated haseline tests are also indicated 1n the following table. |

Lvzept for Test No 12 for which a higher 1mpact speed w.s selected
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Modified

Modified Vehicle Vehicle Corresponding
__Test No. Designation Baseline Test No.

8 B 5

9 ¢ 5

10 A 3

11 A 6

12 D -

N-1 L 5

Except for Vehicle E, which contained glazing and interior modificitions c1lyv
11 struck vehicles contained similar structural modifications ’ As prev-ously
noted, 1est No 12 was performed according to the Configuraticn No 5 geometny
but at a higher impact speed, a comparative baseline test therefore does rot

exist for this case.

Tne mndified vehicle test matrix was defined such that all four
combinations of conientional and modified structural and interior contigur-tions

could be evaluated 1or the nominal 40 MPH perpendicular collision cace (Con-

figuration No. 5) This 1s 1llustrated below where the specific te.t nuiers ire
provided
! T j
! Conv. Interior ] Mod nterio:
L R
1 f \
Conv Structure | 5 (baseline) N-1 |
— + — - sy = e T
| |
Mod Structure j 8 } 3 |

. —
Comj lete structural modifications were generallv restricted to th» «tr ck
si1de, 1 e., the side opposite impact did not contain modified side j .1 ars
and door heams An exception was Vehicle A, which was fullv radoteed 0 Dol

sides and subjerted to two lateral impacts (onc on each side)
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Results of Test No. 10 enable evaluation of the structural performance for

the 30 MPH oblique impact case (Configuration No. 3) and Test No. 11 provides
related data for the case where both structural and interior modifications are
included and a contoured-surface moving barrier 1s employed as the striking
vehicle. Test No. 12 was performed to better define the upper limit of pro-
tection offered by the combined structural and interior modifications for the
perpendicular impact configuration. It should be recalled that supported,

laminated side glazing was installed in all of the modified vehicles.

Appendix B contains complete test descriptions and data for each

of the modified vehicle crash tests, including the following information:

° description of test conditions

° post-test observations

° vehicle and dummy photographs

. vehicle exterior deformation profiles

® passenger compaitment statlc intrusion measure-
ments

. vehicle acceleration responses and integrated

velocity and displacement time histories

e Part 572 dummy (1in struck vehicle) acceleration
responses, integrated velocity and displacement
time histories, head and chest severity 1indices

and HIC numbers
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Table 9 summarizes test results which charecterize the structural
and glazing performance of the modified vehicles. These results, however,
reflect an extremely limited sampling of the available test information and
the reader should consult Appeniix B for a more complzte understanding of
the <tructural and glazing performance t 15 importart to point out that
the glazing fracture indicated in Table 9 was invar.ablv caused by structural
deformation and/or impact shock and not bv dummy contact Firthermore, the
fron* door laminated glazing, although the glass plies were fractured,
remained 1in place 1n each case as a result of the constraint provided by the

peripheral support strictures and the plastic layer of the laminates

A summarv of anthropomnrphic dumwmy data is presented in Tahle 10
Information 1s given pertaining to dummvy containment within the passerger
compartment, region of heaa contact (1f applicable), relative velocity f
head contact (ba<ed on t1ilm analysis), and the peak acceleration responses dia
assnclated injuiv indicatoers Peak acceleration responses vhich exceeded the

assvmed injury criteria are denoted.

The Hamilton Rolamite (Serial No 2164) cras'. sensor mounted or the
fiiewall of the struck vehicle {oriented longltuhlnall\) triggered 1n two
instances Activa~ion signa.s were chserved 1n Test No 1 2t 13 msce nd
in Test No 12 at 0 msec. after 1nitial contact. Acceleration date wers
obtained from transducers mounted to the same f xture as tht (rash sensor
{data contained 1in Appendix B) tne acreleration pulse to which the crasn

~ensor was subiected can therefore be correlated wit: the sensor 1e<ponsc
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Table 10

SUMMARY OF ANTHROPOMORPHIC DUMMY DATA FOR MODIFIED VEHICLE

A-vl-nn Y .YV

Tal Ui d g
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6. DISCUSSION OF RESULTS

Results of the baseline and modified vehicle crash tests are discussed

in this section.

6.1 Baseline Tests

Two of the baseline test configurations were designed to simulate
lateral impact cases where both the striking and struck vehicles are initially
in forward motion (see Section 2.1). The method of simulating this impact
condition appears to be practical, easily repeatable and realistic with respect
to the particular test procedure, collision mechanics and primary occupant
responses. Obviously, the post-impact struck vehicle trajectories and secondary
occupant motions are not well simulated due to the unrealistic ground/tire
forces generated by the directional reversal and variant wheel rotational
velocities introduced by the nature of the test method. Nevertheless, the
simulation method is well suited to the investigation of primary impact occupant

survivability, which was the focus of this study

Crash Tests No. 1 and 2 simulated perpendicular lateral collisions 1in
which the striking vehicles were traveling at a nominal speed of 30 MPH at
impact. The difference between the tests was the simulated 1initial forward speed
of the struck vehicles, Test No. 2 represented the case where the struck vehicle
was traveling at 30 MPH at impact while, for Test No: 1, the struck vehicle was
assumed to be 1nitially stationary. Comparing these two tests 1indicates the
effect of the tangential veloc1ty* between the vehicles on the struck vehicle

structural performance and occupant responses.

*
Defined as the simulated forward velocity of the struck vehicle at impact
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Figure 27 compdares the vehicle detormdation for these two cases.
A~ would be expected, tne tangential velociitv tend. to extend the struck vehicie
damage rearward. Tront decr intrusiom was lower for Test No. 2 and arproxiiatel;
the wame for the rei door (see Tubte ) Acceptable structural ntegrity was
maintaraed for both cases  Occupant resuonses presented in Tanle 3 inlicat:
that “h. accelcration cxposure of the front seat dummy was more <evere n
Test No 1 (.o1¢ tuncential velocit, ; than for Test No 2 (30 MPH tang.ntial
velor1tv), whereas the opposite trend 1s evident for the rear scat dummv Fer
both cases, tie tront seat dummy responses were well within the assume. huran
tolerance l.mits The lateral chest accelervation of the rear dwmv was margingl

tor fest Ne 1 and exceeded the particular injury criterien tor fest No 2

A corresnonding evaluation of the effect of tangential velocity :n
oH‘lque* literal «olli-~1ons can be mode by comparing 1osults or Tests *o 3
and 4 In both cases, the striking .enicle was tra c¢ling at a norinal forwarl
speed of 3¢ MPH a* impart, Test No 4 represented the case where the struck
venicle was simuia ed tu be 1n forwa d motion at 30 MPH, whereas the struck

viehicle wa~ assumed to he initially stationary for Test No 3

Figure 2¢ hows that the struck vehicle detormation w1s mainl
restiilcted tc the initial contact are: for the statronart s*ruck yvehicle ¢a e
[Pe «frect of the 0 MPH tangential velori1t was to extend the damage r=a~
ward as a 1esalt ¢t the sliding action Stri_tural razegrity was bett v
marntained for the latter case as evidenced by tle jenetrzticn of the frort
Ie 1 sheet mecal b, +he bumper and fender of the stribing .ehicle ocvarring
in lest No 3 ‘T gire Z81] Similar t» the jorpenciotldr 1mpact »1t ritlon, *
“ront dummv . celeration exposure wis generillv more ccvere for the ot

C1se wnete (he striock vehictle was 1n1ti1a.1v stat.oniry whoreds the < r cun o

60° angle between the longitudinal axes of the ~tr.king and stiuck ~c¢hroles
dt 11 DdC
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{a)] ZERD TANGENTIAL VELDCITY ITEST NO. 1)

(bl 30 MPH TANGENTIAL VELOCITY (TEST NO. 2}

Figure 27 EFFECT OF TANGENTIAL VELOCITY ON VEHICLE DEFORMATION IN
30 MPH PERPENDICULAR COLLISIONS

= a5
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a] ZEAD TAMGENTIAL VELOCITY (TEST NO. 3)

(bl 30 MPH TANGENTIAL VELOCITY [TEST NO. 4)

Figure 28 EFFECT OF TANGENTIAL VELOCITY ON VEHICLE DEFORMATION IN
30 MPH OBLIQUE COLLISIONS




acceleration response was generally higher for the 30 MPH tangential velocity

case (see Table 3).

Test No 5 was similar to Test No. 1 except that the striking vehicle
impact velocity was 1increased from 29.7 MPH to 37.3 MPH. Figure 29 compares
the struck vehicle damage and indicates that the 1increased 1mpact speed produced
substantial override of the floorpan sill structure and sheared the B-pillar
from the s111 attachment point. The 1ncrease 1in static intrusion and average
lateral acceleration of the struck vehicle 1s evident when referring to Table 2.
Front and rear dummy lateral accelerations were significantly increased for the
higher speed case to the point where the front dummy acceleration exposure appears
to be marginally survivable and the rear dummy chest response clearly exceeded

the assumed human tolerance limits {see Table 3).

Test No. 6 corresponded to the same oblique impact configuration as
Test No 3 except that a contoured-face moving barrier was substituted for the
conventional striking vehicle Comparing Figure 30(a) and Figure 28(a), 1t 1s
clear that the moving barrier resulted 1in a more evenly distributed loading than
the conventional striking vehicle  The magnitude of impact loading was approxi-
mately double for the moving barrier case as indicated by the comparison of
struck vehicle lateral acceleration levels contained in Table 2 Front dummy
lateral accelerations were substantially increased for the moving barrier case,
whereas the rear dummy responses were quite similar for the two cases (see

Table 3).

Test No. 7 was similar to Test No 4 except that the 1initial contact
point on the struck vehicle was moved forward approximately 10" to determine
the effect of loading the A-pillar region, which has substantially more lateral
strength than the front door structure Comparing Figures 30(b) and 28(b)
indicates very little difference 1n overall vehicle deformation. However,
intrusion of the front door structure was increased by moving the impact point
forward and, conversely, the rear door intrusion was reduced somewhat (see

Table 2). Correspondingly, the lateral acceleration response of the front
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fa]l TEST NO. 1 [29.7T MPH)

(bl TEST NO. & (37.3 MPH)

Figure 20 EFFECT OF IMPACT SPEED ON STRUCK VEHICLE DEFORMATION FOR
PERPEMDICULAR LATERAL COLLISIONS
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- |

-

fa) TEST MO. & (MOVING BARRIER|

(b] TEST MO. 7 {IMPACT POINT MOVED FORWARDI

Figure 30 EFFECTS OF MOVING BARRIER IMPACT AND OF MOVING THE
IMPACT PQINT FORWARD
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dummy was significantly more severe for the case where the 1mpact point was

moved forward, whereas the rear dummy loading was significantlv reduced

(onsidering the series of baseline tests as 4 whole, the side
structures of the struck vehicles were generally quite effective 1n maintaining
structural i1ntegrity, 1 e , preventing catastrophic sidewall collapse and massive
intrusion Fvents that could be categorized as structural failures were limited
to the sheet metal penetration that occurred in Test “o 3 {(which could have
produced lower extremity injurv) and the shcaring of the lower B-pillar structure
from the floorpan sill that occurred in Test No 5 However, these structural

failures could moire reasonably be attributed to the hish bumper strength of the

striking vehicles

Fracture of the monolithic tempered glass side windows occurred 1n
most instances The fractures were invariably caused by structural deformation
of the door structures and/or 1impact shock, not by dummv contact \lthough the
loss of ~ide glazing provided 1 possible route for front occupint pdartidal ejection
under the pirticular test conditions exwmined, completc vontainment of the
dummies was maintdined 1n all cases The naturc of the ceontict between the 1n-
truding door structure and the front dummv tends to proyv nt motion of the
dummy 's head through the front door window opening by thrusting the torso away
from the struck side of the vehicle before large lateril tlexion of the neck

takes place.

Ve

The mechanics of the dumm:/sidewall collision e such that the dumm
tends to remain fixed with respect to the pre-impict vchicle geometry until
contact by the i1ntruding side structuiec takes place (onsequently, 1t 15
1easonable to assume that the severity of the dummy response 1- related to the
relative lateral velocity between the dummy and the intruding structurc at the
time ot contact The following tablc provides some instght 1nto the niture of

the front dummv/sidewall contact dyvnamics
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Peak Chest Time of Dummy Vpc fd
Test No. Lateral Acc. (g) Contact (msec.) (MPH) (MPH)
1 35 25 3.2 16.0
2 28 30 3.0 9.6
3 42 60 3.4 15.6
4 26 35 1.4 5.0
S5 46 25 3.2 17.8
6 63 40 4.7 21.0
7 61 50 1.7 14 2
where
VpC 1s the lateral velocity of the passenger compartment at
the time of dummy contact (determined from output of an
accelerometer fixed to the forward floorpan structure)
and vfd 1s the lateral velocity of the front door inner panel at

the time of dummy contact (determined from output of an
accelerometer fixed to the door panel). Since the front

dummy has no appreciable motion prior to contact, this

1s essentially a measure of the relative velocity between v

the dummy and the intruding door structure.

These results demonstrate that the door structure in all cases was
accelerated to a lateral velocity (Vfd) at the time of dummy contact that
greatly exceeded the lateral velocity of the overall passenger compartment
(Vpc) occurring at the same point in time. This points out that the
kinematic response of an undeformed part of the passenger compartment doues
not meaningfully indicate the severity of occupant-to-sidewall contact, 1.e¢ ,
the reldtive lateral velocity between an occupant and the adjacent (intruding)
sidewall must be considered. Figure 31 shows that the severity of the
resulting dummy chest accelcration generally increased as the relative

velocity between the dummy and the intruding door increased. Indeed, with
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the excepti~n of the data point fcr Test No 7, a strong paratolic relation-

% hip 1s suggested Figure 21 escentially characterizes the limit of protection

mp#ﬁ’

jrovided b, the conmvintional inner door ranel, whic', possesses no substant al

\I e p[’
ol Ny energy absorption or load-limiting capabiiity since the stiff metal door pane:
U'V'r P I3

1= c¢yeered only by a very thwn f{about 3/16" thick) laver of upholstery

materilatl

6.2 Modlf1€d<}0h}028 Tests

[iteral 1mpact tests of modified vehicles were performed under tne
ce~t conditions that resulted in thy geneirallv more severe 1njury e-.posure for
the 1100t s:al occupints {(Vart .72 Jummie-), based o1 the bascline test resvlts
ine~c were the higher <peed perpendicutar impact condition (Configuration “o 7j
ind *he oblique .m act configuraticn wherein the struck vehicle was assumed to
ne 1niti11lly stitionary (Configuration No. 3) Modified vehicle test results
a1e presented 1n Section 5 and Appendix B. In the following sections, results
of the perpe dicular and ohl-que impact tests are discussed separitely, and 4

re eral evaluation ot the overall test series 1s pre-ented

t 21 Perpendicular Impact tondition

[he Jiscussion of the baselire test results i1n Section 6 1 suiges ¢!
"hat the ~eve. 1t Lf o capant acceleration response 1~ directly related to th>
1elative latcral va2locity between the occupant and the vehicle interior > de
wall it tne time of i1nital contact This appears to be correct bccause t}
mi,01 accelerition of the sidewall tends to take olace before occuraat con®.ct
oLeL LS i Tt {n1,04s that the relative lateral velocity should be minimi_ed

in u.der to 1mprove occupant survivab.litv  Two approaches (and a conbunat)

ot *he two were 1mestigated 1n the modified vehicle test series

Thi~ assares an initial spacing between the occipant and the adjacent
<1dewall corresponding to the nominal seating pos:t.on selectec for the o, sl
tests (see Sect.on 2 3).
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(a) Structural Modification

This approach wis directed tovards reducing the
magnitude of compa~tment intru<ion and, more 1importently,
the 1ntrust'on velocity. (The lateral sidewall velocity
1s the summation of the local i1ntrusion velocity and the
over1ll vehicle leteral ve'oc1ty ) This approach has 1ts
lunitts due to the physical law of conservation of momentum
which dictates the magnitude of the overall iehicle

latcral velocity chenge.

(b) interier tadding

Aprlication of crushable or yirelding materials to
the .1terio. sidewall can provide a means of controlling
{(limiting) o.cupant loading after 1nitial! conta.t up to
the point where a common lateral ve¢locitv 1s achie.ed
(wner the relative velocity between the occupant and the
sidewal. benind the padding becomnes zero and rebound
commences ) Ti1s approach also has 1ts limits because of
dimensional (material thickness) constraints and the need
to maxinize energy dbsorption while maintaining tolerable
occeupant lvoaiding Exhaustion of energy abs)rption capa-
bali1+y r-sults in the material "bottoming out' against the

sidewall structure.

() Combination of Structurai and Interior Modifications

C~nbination of both the above approaches in an
etfective manner would appear to provide maximun occupant
protection 1n lateral ccllisions by improving structural

integrity and controlling oucupant leoading.
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Comparing results of the following perpendicular lateral impact
tests enables an evaluation of these approaches for improving occupant pro-

tection since all four combinations of structural and interior configurations

are represented.

Impact
Test No Velocity (MPH) Modifications
5 (b.1.) 37.3 None
8 39.1 Structural only
N-1 39.2 Interior only
9 39.1 Structural and Interior
12 50.5 Structural and Interior

An exhaustive study of these test results is beyond the scope of this discussion
and, therefore, emphasis will be placed on the front dummy/front door inter-

action mechanics.

Figure 32 compares the resultant chest acceleration responses* for
the four cases corresponding to a nominal impact velocity of 37 to 39 MPH. It
1s i1mmediately apparent that the interior modifications had a more pronounced
effect on the control of acceleration response than the structural mod-
ifications. That 1s, the acceleration responses for Test No. 5 (baseline) and
Test No; 8 (mcdified structure only) are very similar, whereas the 1interior
modifications employed in Tests No. 9 and N-1 more effectively increased the

duration and limited the magnitude of the acceleration waveform.

Based on a 3 msec. clip criterion, the peak lateral acceleration for
the modified structure case (Test No. 8} exceeded the baseline (Test No. 5)
response (73 g's vs 46 g's). Explanation of this can be based on the

difference 1n impact velocities, which apparently resulted in a greater maximum

L]
Filtered according to SAE J211, Class 180 specifications.
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relative velocity between the dummy and the sidewall for the modified structure
case (20.5 MPH vs. 17.8 MPH).* Results indicate that the front door intrusion
velocity (as well as displacement) was actually reduced somewhat by the struc-
tural modifications, but the increased lateral acceleration (and associated
velocity change) of the overall vehicle early in the collision impulse prevented
reduction of the relative velocity between the dummy and the intruding inner

door panel.

It is clear that the most effective control of front occupant
acceleration response was obtained for the case of combined structural and in
terior modifications (Test No. 9). For the case of interior modification only
{Test No. N-1), the crushable door panel padding bottomed out at approximately
35 msec. (see I'igure 32b), which was followed by the relatively high acceleration
pulse between 35 and 45 msec. The higher velocity change of the dummy for this
case as compared with that of Test No. 9 (compare areas under acceleration curves)
suggests that the conventional side structure was considerably less effective
than the modified structure in limiting the relative lateral velocity between

the dummy and the intruding door panel.

Figure 33 provides further insight into the dummy/door panel interaction
for Test No N-1 The high bottoming loads that resulted in this instance arve
believed to be rather unusual because the crushable door panel successfully
accelerated the dummy to a velocity common to that of the door panel behina the
padding (zero relative lateral velocity) without applying excessive torso
loading. However, at the instant that bottoming occurred, the door panel sustain.d
a high acceleration pulse to which the dummy was also subjected. If these event,
had not occurred simultaneously, the performance of the crushable padding would

probably have been more impressively demonstrated.

*

Note that the point x = 20.5 MPH, y = 73 g's is consistent with the envelope
of data points in Figure 31 that characterizes the conventional interior Jdio.
panel stiffness
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Test No. 12 1llustrates the _ase where quite adequate compartment 1r-
tegrity was maintained by the <tructurai modlflﬂatlons,* but the high impact
severity (50 5 MPH) and associated liigh lateral veiocity change clearly oxceeded
the energy absorption capacity of the cruc<hable door panel,. Tigure %4 shows
that at tne point when the padding bottomed out (32 msec ), the relative lateral
vilecity petween tre docr panel and the dummy was on the arder of 15 MPH. Dour
pinel accelerations following the t:me of tottomirg were reratively low, unlile
the rrevioms cdase 1llustrated isee Figure 53) Therefore, in this instance,
the hi1iih accelera1on ~esponse resulted from the residual rolative velocity at
the time of tottoming ard not from transmission of structural acceleration to tne

occupant {commenly rcferred to as vehicle "ride-down”)

6 2.2 Ublique Jmract Condition

ihe general discusstion ot structural and interior molificatioas con
tained .n Section 6.2.1 applies equally to the oblique impact condition. ltor
this case, the rodifsed vehicle tests provide the foliowing comparisons of

structural and inter or performance

Impact
Test No Velocity (MEH) Modificat cns
5> (baseline) 29.7 None
10 29.8 Structural Only
& (basellnc)** 29 6 None
1" 30.2 Structural and Tnterior

Figure 35 piesents a comparison ot the froa. dammy resultant chest
bk Kk
responses for thes: four cases. For *h: case of structural modif.cat.o,

*
The structural deformations and passenger compartment statlc 1NtTUsS1On afr.
generallv comparable to results of the 37 3 MPH paseline condition (Te<t o

* *
Contoured fice mcving barrier impacts

¥ % %

Filtered according to SAE J211, Clas< 180 specifications
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a
nat the peax lateral accel:zration was reduced substantially (from approximately

(ad

2 g's to 50 g'-, baseu 0 a 3 1sec clip criter.ond Since the 1mpact veloc.ties
were nearly equal, 1t appears that this 'mp.o.ement resulted from the reducticn
ot the ma:>1mum 1elative velocity betveen the dunmy and the adjacent door pane?
structure. Test data substantrite this conclusion <1rce the maximum relitive
lateral velocity wae rclured from ap,roximitely 15 o MPH for the baseiine con

+*
dition tc chout 11 3 MPH for the structirallv modified vehicle case.

The applca.icn of structu 11 ind interior modifications for the mo - ing
parrier impact condirion clearl. influenced the nature of the dumry responses 1in
that the chest loads were effectiveiy limited and 1ircreased 1in duration »y th
crust able door panel Ihis resulted even though the maximum relative lateral
velocity between the dummv and the door structure (behind the padding) was nc

ubstant tally changed by the sticotural modifications (18 9 MPH vs  21.0 MPH
for the biseline condition) Peak lateral accelerition of the front dummy wa-

reduced fio~ 63 g°'s to 44 g's principallv due to the interior modifications

€ 3 Genera( Discussion

The preceding evaluation of the baseline lateral mmpact pertformanc:,
altnough limited 1n scupe, «learly indicated that the everity of oaccupant
injury exrosure 1s relared to the rc'ative velocity between the occupant ani
the contacted -1lewall sartice, s.nce the conventional vehicle 1nter:or posses es
nadeqguate load-limiting or yielding properties Structural modifi_ations,
althoug: somewhat effcitive 1m reducing the relative contact velocit, rredr tn

be “undamentally limited as to the extent of rccuvpant protection that .an be

*
vote that the point A = 11 3 MPH, v = 30 g's falls vithin the enveloje ot
Jata points ip t1gure 31
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*
gained without the associated application of protective interior surfaces.

It should be pointed out, however, that structural modifications which resist
massive sidewall collapse 1n lateral collisions more severe than considered in
this study would very likely enhance the survivability of occupants seated away

from the impacted side of the vehicle

The crushable door panel 1installations were shown to be quite effective
in controlling occupant loading  However, further refinement of the crush
strength (load-deflection) properties 1s needed to demonstrate further occupant
protection. Figure 36 1llustrates the extent of crush at the upper torso contact
area that resulted for the front door panel installations corresponding to the
particular crash tests. Complete crush of the upper torso contact area occurred
1n all cases except for Test No. 9 (complete structural and interior mod-
1fications), in which approximately 1" of uncrushed depth remained. Crush
capability of the lower contact areas from lower torso and hip impact appeared
to have been exhausted in all cases. Evaluation of the torso response wave-
shapes and the physical crush evidence indicates that the paper honeycomb crush
strength needs to be increased by about 25%. This could be accomplished by

* %
eirther reducing the cell sizes or impregnating the paper with phenolic resins.

Inspection of Tables 3 and 10 i1ndicates that unacceptably high head
loading did not occur under any of the baseline or modified vehicle test con-
ditions, based on the assumed HIC limit For the front dummy case, impact with
the roof header and/or glazing surface was either prevented or minimized (low
contact velocities) by the nature of the lateral occupant kinematics. Rear
occupant contact with the upper C-pillar area appeared to be marginally tolerable
in some of the cases, but the installation of the urethane padding material

effectively controlled head loading

This 1s analogous to the frontal impact protection problem in that an
effective restraint system 1s absolutely necessary to take advantage of
structural crashworthiness improvements.

As discussed 1n Section 4.3.2, impregnation would likely be required for
humidity and moisture absorption protection.

95 25-5562-V-2



HSNHI BWOJAINOH T3INYd HOOAO 40 NOILYHLISNTTI  9E aunbiy
L*NON 1531 (R LL'ON LS3L (7]

= I

670N L53L (9] 1D NOLLD3S HLIM TINYd (E)




With respect to the laminated glazing installations in the modified
vehicles, there was no 1ndication of significant head contact resulting from the
lateral impact tests. Consequently, although the peripherally supported glazing
proivided an energv-absorbing containment surface as shown in Figure 37, no such
additional protection appeared to be needed, at least for the particular impact
conditions considered Fracture of the glass plies evident 1in Figure 37 was caused
by the structural impact response 1in all cases and not by dummy contact. Such
a containment surface would more likely be of benefit in rollover accident types,
particularly 1f occupants are unrestrained The need for protective side glazing
could also be more apparent 1in other lateral impact modes and/or for automobiles
of smaller size (see Ref 4) Finally, the degree of anthropomorphic dummy

*

lateral response fidelitv has an important bearing on this subject

The degree of lateral impact fidelity of test dummies has not yet been
established. It 1s probable that dummies of different make and model
possess different lateral impact response characteristics, but more research
1s needed to firmly establish the nature and significance of this probable
variability. NHTSA 1s cognizant of this need as evidenced by the 1ssuance
of RFP No. NHTSA-6-A202, "Calibration Procedures of Test Dummies for Side
Impact Testing,' August 15, 1975.

97 25-5562-V-2



FJHNLIVHLS DNIZYVID OILVYNINYT 40 ST TdWWXT  LE aunbiy

(2L LS3L) HIAYTIE (P LN LS3LY OITWIMNY A4 OML  13)

2-v-2

5-556

L]
L

=l

(0L L531) O3TVIANNY AT<4-OML (0} (8 L531) OFTVINNY ATdOML (9

Ry, g

\....\\

L
Ihllh_r-..-._-_l_-._l_ll..-_




7. CONCLUSIONS AND RECOMMENDATIONS

The following specific conclusions and recommendations are based on

the results of this study.

° Test Methodology

The procedure developed for performing lateral impact crash
tests where folwdard motion of both the striking and struck vehicles 1s simu
lated (see Section 2.1) has been found to be reasonable to perform, easily
repcatable and i1ealistic. Collision mechanics and primary occupant responses
are believed to be validlv represented by transferring the assumed 1nitial
velocit: vector of the struck vehicle (in the reversed direction) to the
stiiking vehicle However, post-impact vehicle trajectories and seconddry
occupant responses are not well simulated due to the unrealistic tire/ground
interface forces which control the vehicle kinematics following the collision
impulse Nevertheless, the method 1s well suited to the study of primary

impact dynamics, which was the focus of this study.

Application of laterally-oriented accelerometers to the impacted
interior sidewall of the struck vehicle has been found to provide important
information 1elative to the study of occupant/interior collision interaction
Acceleroneters placed at undeformed vehicle locations, as has been standard
practice, are needed to provide data which characterize the overall vehicle

dynamic response
® Conventional Vehicle Crashworthiness

The side structure of the conventional, full-si e aucumob 7
investigated generally performed erfectively in maintaining structural 1.teg. 1ty
and preventing massive compartment 1ntrusion under the lateral impact (oa-
ditions considered (see Sections 3 and 6.1). For perpendicular lateral col.1

sions, substantial override of the floorpan side si1l1l and failure of the lower
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B-p1llar attachment can be capected to cccar fcr 1mpict velocities exceeding
«bout 35 MPH However, this woulu not be cxpected to resuit in totally un-
:coeptable collanse of the side structure unless the impact speed substartialls
evceeded the 35 to 40 MPL, range  TFor the _ase ot oblioue .ateral impact,

s0 MPH structural performance eppeared to have been adequate with the possible
exveptron of a tendency To penetrate tne lowel <structure by the bumper stru-
‘vre of a strikiig venicte A novaing barrier impact condition produced
somewhat gieater 1ntruasion of the passenger compartmer* at the vihicle belt

1we (mid-level; thar approached an excessive magnitude at 3G MPH

With 1espret to cccupant protectinn provided by the interior passenger

wompartment sidewall svifaces 1t was shown that the magnitude of acceleration
g respurse of an occupant seated adjacent to the impacted sidewall 1s directly
/XQ)) elated—te the rel.tive velocity between the occupant and the 1ntrua:;g~:;;:E—
trre it the time of contact since meror sidewall acceleration tends to occur
p1r1oT ty uln contact, relative velncitie, 2xreeding approximately 14 tn 18 MP!
yenpT-11v resulted 1 peak lateral chest accelerations that exceeded the

assaned hwran (slerence limit of 45 g's

The conventional monnlithic tempered side glazing fractured 1in most
n-tinces as a 1es 1t of structucal deformation ot the dour structure under the
imoact condition investigated  Althougn this prcvides 4 possible route for
OC upant ejection (a4t least partial ejection of parts ot the upper body),
compiete containment of occupants (Part 572 dummies) within the passenger com-

partient outer surfaces was maintaired 1n 21l +ases

1t 1s c(ncluded that the most signifrcant deficiency of the
comventional vehicle design releting tu literal coilisien occupant protect or
.~ the general lack of energ)y absorbing or vieiding (load-limiting) interitor
side surferes. Fo  *he particular automobile coicidered, the primaiy arcas of
concern are th fion® and rear door innerv {incls and the region of the € pillay

~tracture (bchind the 1ear door adjacent to a reor se:ted occupant).
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. Alternative Glazing Materials and Constructions

Results of headfoerm impact testing of peripherally supported,
laminated glazing specimens demonstrated that a two-ply annealed glass construc-
tion utilizing a 030" PVR interlayer would provide adequate head impact pro-
tection and «:ntainment for head-to-glass impact velocities up to at least
20 MPil. Since thi- type of glazing 1s currently employed for all domestic
automobile windshields and was at one time (prior to the late 1950's) used
for side winudcws. production feasibility 1s not in doubt. However, return to
laninated annealed glass sidelites would (1) increase production costs sub-
stantially, (2) increase the replacement rate because of the fragileness of
annealed glass {susceptible to breakage from door slammirg) and (3) probably
increase laceration inturies in lateral collisions due to its hazardous fracture

prcperties

Two ply thermal tempered glass with a PVB interlayer would not possess
the above stated deficiencies of laminated annealed glass except for a similar,
1f not higther, production cost 1ncrease relative to present monolithic tempered
glass sidelite cost. However, as a result of warpage problems during thermal
tempering, there 1s a limiting thickness at which tempered glass can be employed
in a lam:inated construction (estimdated to be about 5/72" with present day pro-
ductic  techriques; Headform 1rpact test results ind.cated that a two-ply
constiuction of 5/52" tempered gl:iss possesses a dynamic breakage strength that
would produce excessive head loading at head-to-glass impact velocities

exceeding about 10 MPH (assuming that the glass plies are not fractured prior

to head contact by structural deformation or other causes)

lhe most attractive alternative to monolithic tempered glass, at leasr
trom 4 head protection and containment surface standpoint, appears to be a
two-ply, e.posed plastic construction in which tempered glass is employec das
the outside layer and the inside layer 1s composed of a thin plastic mater:al
The advantages of such a "bilayer' construction are (1) no significant weight
increase over conventional monolithic tempered glass, (2) improved energy-

absorption and .ontainment properties 1f the laminate 1s effectively suppocted

101 25-5562-V-2



ind (3) reduction or elimination of laceration potential due to the protect.ve
plastic inside layer. Inherent disadvantages are (1) ircreased production cost,
(2) questionable durabilitv because the abrasion resistance of the ins.de
(plastic) surface would be inferior to glass and (3) questionable resistance

of the plastic material to prolonged humiditv and moisture exposure, various

chemicals and to other possible deteriorative canvironmentil ccnditions

With respect to the possible durability deficiencies of exposed
plastic laminates, 1t 1s well known that this type of glazing construction
1n 1ts present state of development, will not meet the 1equirements n¥ IM.5S
No 205 for motor vehicle use 1n areas requesite for driver visibility The
primary and possibly insurmountable obstacle preventing conformance with
IMVSS No. 205 15 the 1nability of known plastic materials to meet the specifi.
abrasion resistance test requiilement, which was based on glass abrasion
properties In view of the potential advantages of exposed plastic laminates,
particalarly for windshield application, 1t 1s recommended that the FMVSS No
20> requirements be reviewed to ascertain whether or not relaxation of the
abrasion test condition 1s possible for the inside glazing surface without con-
promising the essential need for durability and optical acceptability through-
out a reasonable service life of an automobile. If suitable relaxation of th:
speci1fic safety standard is feasible, development of exposed plastic laminate
for automotive dpj iication by glass manufacturers will no- be inhibited or

precluded

Finallv, results of this investigation have demonstrated that it 13
possible to provide adequate peripheral support to liminated side glass throuzh
sultable design of an upper door frame ind peripherai frame hbunded to the iass

edge, while preserving normal side window rodlldown operation.
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. Interior Padding Materials and Constructions

Results of static and dynamic tests of crushable paper honey-
comb materials using a lateral body form show that these materials possess
excellent energ)y absorption and load-limiting properties (see Section 4 3).
Pioper selection of cell size (or a2 combination of materials with different
cell size) allows a door panel to be constructed that uniformly distributes
loading of an occupant resulting from a lateral impact. The paper honeycomb
can be shaped to provide an inner surface incorporating an armrest and other
needed contours, a resilient material can also be used to cover the honeycomb
for resisting damage during normal vehicle usage and from impacts of relatively

low speed.

It remains to be demonstrated that paper honeycomb 1s a viable material
for automotive application. The principal concerns are (1) reduction of crush
strength as a result of prolonged high humidity exposure, (2} deterioraticn of
the paper resulting from moisture absorption, and (3) flammability. It 1s
possible that these deficiencies can be overcome by impregnation with phenolic
resins and application of flame-retardant chemicals. However, more research 1s

needed to resolve the feasibility question.

An experimental expended urethane material was also examined which
exhibits exceptional energy absorption capability and recoverability. This
material, which 1s highly viscoelastic, appears to be well suited for head
impact protection. As 1s the case with urethanes commonly used in energy-
absorbing dashpanels, the material properties dare sensitive to temperature,

1.e , stiffening occurs at low temperatures and high temperature produces
softening. However, normal compartment heating and cooling would be expected
to alleviate this problem. Flammabilaty, toxicity and production costs 1emiin *o

be evaluated.

In view of the fact that protective interior side surfaces are

virtuallv non-existant in present-day automobiles, it 1s concluded that
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extensive :turther research 15 needed to e<tablish the feasibility of utilizing

energy absorbing mater-als for improving latexral impaict protection.

] Mcditied Vehicle crashworthiness

The structural modificacions incorporated 1n the struck
vehicles denonstrated substantial reduction 1n side structure deformation and
y 1SS€enger compartment intrusion Structvral performance under a perpendicular
literal impact condition at approximately 50 MPH was generally comparable to the
conventional vehicle structural performance at about 40 MPH, indicaring a
nominal i1ncreasce 1n kinetic energy dissipation capability on the order of 50
ty 60% However, 1t has bheen found thdt structural poailfication in itself 1>
fundamentally limited as to the extent of occupant protection that can be
provided This apprars to be the case because the acceleration response of an
cccupant (Part 572 dummv) was shown to relate directly to the relative velocit
between the occupant and the adjacent interior sidewall at the time of contact
For similar i1nitial dummv positions, structural modifications were showa to
reduce the relative contact velocit)y somewhat but conservation of linear
momentum considerations prevent substantial reduction. Structural modirications
also appear to be mcre beneficial in oblioue lateral collisions than in per-
yendicular 1mpact medes Furthermore, 1t 1s concluded thit occupants Scated a4y ay
f:om the 1mpacted side would most benetit from structural modification 1n e tremely

severe lateral collisions,

Moditication of the vehicle interior side surfaces to directly contiol
occupant loading 1s the most effective appioach for improving occupdant pro
tection, pdarticularly when combined with structural mod.fications Alth oug
fumrther refinement 1in the yielding surtace characteristics :s needed, the
taterior protective surfaces 1nvestigated in this stud (crushable door parers
and compiessible padding) ciearly exhibited effective energy management a d
load-11mi1t ng pioperties. It 1s concluded that emphdsis should be plucet
mproving the nterior protection provided by automobiles In our judgrert such
mmprovement 15 clearly needed and would probably provide the greatest pa.,t*

1telated to enhancing occupant survivability in lateral collisions
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Peripherally supported, laminated side glazing has been shown to
provide an effective containment surface, such protection against partial ejection
in lateral collisions 1s not provided by conventional monolithic tempered glass
side windows However, the lateral impact test conditions considered 1in this
study did not result in significant occupant contact with the laminated side
glazing, which indicates that no direct benefit was demonstrated. Consequently,
results of this investigation do not convincingly support a recommendation for
side glazing modification This 1s not to say, however, that such side glazing
changes would be unbenef'cial in other lateral impact modes and, most importantly,
in rollover accidents where unrestrained occupants are most susceptible to ejec-
tion. In this regard, it 1s suggested that a restraint system that 1s effective
in lateral and rollover collisions (minimally, a lap belt} 1s the primary element

needed for reducing the likelihood of ejection through window openings

) Front/Side Structure Compatibility

Although not specifically addressed in this study, 1t 1s
clear that the collapse properties of front structures have an important
bearing on side structure performance and associated occupant protection 1in
intervehicular lateral collisions Tailoring the force-deflection character-
1stics of fiont structures so as to more evenly distribute the eneigy
absorption between -~triking and struck vehicles would ease the demands placed
on side structuire performance and also, 1f the magnitude and ratc of sidewall
intrusion can be reduced by improving front-to-side compatibility, incredse
the effectiveness of yielding interior surfaces. Geometric compatibility
between front and side structures 1s of equal importance since the location
and distribution of side structure loading directly affects the pattern of
structural deformation. It 1s therefore concluded that increased emphasis
should be placed on front structure compatibility in future resea.ch reiited

to 1mproving intervehicular lateral collision survivability.
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. Sytanponerphic Dummy Fidelaty

Tte results and tonclvsions of t'is study dre largely bdsca
o the .ateral respouse behaveor ot the Purt 572 dumny emyloyed in the or b
test progrdam e 1ealism of thuis type of test dummy (and others), ,articulirt:
CaTior Hpeet t atersl collisiun response, coatinues to be in question
“ittough the corticism to this point has been mainly nased on subirectire
siounds, the rig:dity of the thoracic spine and the seemingly high flexural
nd torsiondl stiftae-s ot the neck raise serious doub*ts as to acceptable
fidelity It 1s therefore recommended that a study be conducted to determine
rye tealism of lateral dummv motion and to ascertain the need for further dua..

o~1un ospec1ifraations trelating to lateral dynamics
Y Morthiew  1cal Modeling ~f Lateral (ollisions

It 15 rccommended thit a mathematical model ot vehicle/vlc i 1
mpdact dyvramics be developed  This appears to be needed to turther define
n1e lateral wumpact mnjur  mechanism and to more intensivelv study the relati ¢
«tfectiveness of stiuctural (both front and side) and interior modification

tpproiche~ ftor 1mpro ing lateral impact protection.
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